Since the time of the discovery and the first characterization of the Hill reaction (13, 14) there have been many subsequent studies of this process. As might have been expected, the results obtained in these different studies are rather contradictory, so much so that it is not clear what the characteristics of the Hill reaction are. This point is well illustrated in the complete review of the older Hill reaction work found in Rabinowitch (30).
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From a preliminary consideration of this problem (26) it seemed possible that the contradictions in the literature were due to the use of intact chloroplasts by some workers and fragmented chloroplasts by others. The results obtained in this study have made it clear, however, that the observed properties of a chloroplast preparation are strongly influenced by a number of factors such as the stability of the material, the species plant from which the chloroplasts were isolated and its physiological condition, and the time needed to make a measurement, to name but a few.
Additional complications have been introduced by the recent finding that phosphorylation can be an integral part of the Hill reaction (2) . The purpose of this paper is to fit together the pieces of this puzzle, insofar as possible, and show that one description of the Hill reaction will suffice to explain the results obtained in different studies.
MATERIALS AND METHODS
The higher plants from which chloroplasts were isolated were field grown. The leaves were picked the day they were used and were kept in a water saturated atmosphere until they were ground. Elodea sp. and Stratiotes sp. were grown in an aquarium with a layer of sand-covered soil on the bottom. The tank was illuminated by fluorescent lights with an intensity of about 100 ft-c. The lights were controlled by a timer so that a cycle of 16 hours light, 8 a 200-watt incandescent bulb, the light from which was filtered and focused by a 2-liter water-filled florence flask. The culture medium for Chlorella was that used in Emerson's laboratory (26) and the medium for Chlamydomonas was that of Granick and Sager (11) except that 20 MuM/l FeSO4 was used instead of ferric citrate and the micronutrients were modified A 5 and B 9. (26) .
For the preparation of higher plant chloroplasts, washed turgid leaves were cut into pieces about 1 cm square. These were then ground with a mortar and pestle in buffer containing the following: 0.03 M phosphate usually at pH 7.0, 0.33 M glucose and 0.01 M KCl, unless otherwise specified. The suspension was filtered through Pyrex glass wool, centrifuged for 90 seconds at 100 G to remove whole cells and other debris, then decanted and centrifuged for 5 minutes at 900 G to bring down whole chloroplasts. This fraction was resuspended in the same buffer and centrifuged again before suspending in the final medium. Fragmented chloroplasts were removed from the whole chloroplast supernate by centrifugation at 18,000 G for 30 minutes. The supernate was decanted and discarded, and the tube rinsed with fresh buffer before resuspending the pellet. The chloroplast fragments so prepared were used without further washing.
Algal chloroplast fragments were prepared by mixing washed packed cells with kieselguhr and grinding with a mortar and pestle. The mixture was slowly resuspended in buffer and centrifuged for 5 minutes at 1000 G to remove the abrasive and whole cells. The supernate was then treated as described above for higher plant chloroplast fragments. All chloroplast preparations were carried out at temperatures between 0 and 40 C.
The photochemical activity of the chloroplasts was determined by measuring the rate of reduction of the dye 2,6, dichlorophenol indophenol, or of potassium ferricyanide. The ferricyanide was prepared immediately before use in distilled water. The concentration was measured optically assuming the molar extinction coefficient (logio) to be 980 at 420 mnt. The dye was purified according to the following method suggested by Dr. R. Hill: A small amount of dye, dissolved in 0.03 MI phosphate buffer pH 7.1, was extracted with ether in a separatory funnel. The ether containing the acid form of the dye was filtered through dlouble filter paper and then extracted with 0.01 M Na2CO3 solution until all the (lye was in the aqueous phase. The dye was then salted out with NaCl, collected by filtration and air dried. The molar extinction coefficient (logio) of this preparation was found to be 22,400 at 610 nm according to the method of Rosin (31) 
RESULTS
One of the first phenomena noticed in this study was that intact and fragmented chloroplasts were stable under very different conditions (27) . The stability of a preparaition was determined from a plot of log Qch vs time and expressed as half-life of the photochemical activity in hours. The error in the determination of any one half-life was about 5 to 10 %, though there was often a variation of 50 to 80 % from day to day.
From the results obtained with pokeweed (Phytolacca americana, L.) (table I) it can be seen that whole chloroplasts in glucose (row 2 of table I) were at least 10 times more stable than the control (row 4). Fragmented chloroplasts in glucose (row 6) were only twice as stable as the control (row 8), a difference not significantly greater than error. Both fragmented and intact chloroplasts were 5 to 10 times more stable in chloride medium than in buffer alone. Furthermore, when intact chloroplasts prepared in glucose buffer were put into low osmotic pressure buffer and then returned to the glucose buffer, they no longer could be stabilized by glucose. The simplest interpretation of these results is that the high osmotic pressure glucose medium preserves the integrity of the chloroplast membrane. Once the membrane is irreversibly damaged, for example by osmotic shock, the photochemical system is inactivated rapidly unless chloride is present. Experiments done in 2 successive days therefore 50 % to 80 % variation between rows. Activity measured at pH 8.0. Reaction conditions as specified in Materials and Methods.
When the stability of chloroplasts from other species was determined, the results were often (lifferent. For example, chloroplasts from Good King Henry (Chcnopodium Bonus-Henricus, L.) did not show an appreciable glucose effect (table II) although there was a pronounced chloride effect. This lack of an "intact chloroplast" effect was rather common since it was also found with pea (Pisumsl sativumsl, L.), and chard (Beta vulgaris, L.) (table III) . This is consistent with the membrane hypothesis mentioned above because in these preparations, there was a great deal of starch, and starch grains are known to tear through the chloroplast membrane during centrifugation (21).
With chickweed (Stellaria miiedia Cyrill), the chloroplasts were glucose stabilized only in alkaline media (pH 7.7 to 8.2) and the maximum half-life (6.0 hrs) was found at pH 7.2. In agreement with the earlier results of Hill ( ( 15), and personal communication) it was also found that the pH of the grinding medium had to be high (ca. 7.7) in order to obtain active chloroplasts, although the chloroplasts were most stable at pH 7.2 after isolation. Recently Jagendorf and Evans (20) have shown that the beneficial effect of an alkaline grinding medium is rather general, and could be demonstrated with 5 of the 14 species they examined.
In addition to the dependence of stability on species, both the stability and the activity of chloroplasts from field grown plants were found to change (luring the (1) are also due to differences in stability remains to be seen. The hypothesis that chloride and glucose are effective because they stabilize the material (see (34) ) rather than "restore the activity" or "stimulate the Hill reaction" (12, 35) was tested in another way. Pokeweed chloroplasts, whose activity was found to be Qoh = 1600 in chloride buffer, were tested for Hill reaction activity in buffer alone. After 1 minute, the reaction was stopped and chloride added to a concentration of 0.01 M. The cuvette was immediately replaced in the photometer and the reaction was resumed. The activity was 750 before the addition of chloride, and 700 afterwards. Thus there was no sign of restoring the rate to the original level, but rather a slight loss of activity possibly clue to the additional mechanical agitation. Similar experiments done with glucose gave the same results. This explanation of the chloride effect differs from that of Arnon (4) only in that thermal inactivation is involved rather than photo-inactivation.
In connection with these stability experiments, it should be pointed out that the activity of the preparations was measured at "the optimum pH," usually between pH 7.7 and 8.1. These experiments were therefore comparable to those of Hill and Scarisbrick (16) and quite different from those of Warburg (35) and of Arnon (5) done at pH 6.5 to 6.8 where the photochemical activity is much lower and the stability considerably greater. This inverse relation between stability and activity was shown by the results of an experiment in which the pH curve for the Hill reaction of chard chloroplasts was measured at successive intervals (28) . The values for the half-life of the Hill reaction activity as a function of pH (table IV) have been calculated from these data (fig 4) as well as the activity extrapolated to time zero.
As can be seen from figure 4, there was no optimum for this exceptionally stable preparation, and indeed there probably is no true optimum for dye reduction. The optima found in different experiments merely reflect the amount of inactivation that has occurred befor the measurements are completed. This suggestion is consistent with the finding that the pH optima for the Hill reaction of chickweed, Good King Henry, pokeweed and pea chloroplasts varied from 7.7 to 8.5 from month to month, depending on the activity and the stability of the preparations. This variation in optimum did not depend on the use of fragmented vs intact chloroplasts, nor did it depend on the use of ferricyanide instead of the dye. For some reason not yet understood, we never observed the broad pH optimum at 7.1 recently found by Avron et al for very high rate ferricyanide reduction by "dilution activated" chloroplasts (7).
The greatest variation in pH optimum observed with any single species was found with chard. In early Spring the optimum was 6.9 and the activity was low (Qch? of 200 to 400), but by July the optimum rose to >8.7 and the Qch was 2100. With chloroplasts isolated from Chlorella pyrenoidosa Chick, Chlamydornonas reinhardi Dang., 2 varieties of Elodea sp. Michx. and Stratiotes sp., the optimum was always low (ca. 6.9) as was the activity (Qch 200 to 800). This may be due either to a species-dependent difference in the stability, or to the effect of growth under artificial light, or both. An attempt to increase the activity of the Chlorella chloroplasts by growing uncouples phosphorylation (22) . It can be seen that in all cases of direct reduction of ferricyanide, the preparation medium was unbuffered or buffered at a low pH (5, 8, 9, 29, 32, 34, 35 and this study). In the work of Hill et al (15, 16) 
